Background Previous studies have failed to identify predictors of early readmission after major intestinal operations. The objectives of this study were to determine readmission rates, outcomes, and predictors of readmission for patients undergoing laparoscopic colon and rectal operations. Methods Patients readmitted (PR) to the hospital within 30 days of discharge after laparoscopic colon and rectal operations were identified from a prospectively maintained database. The PR group was compared with patients that were not readmitted (NR). Outcomes and variables related to readmission were evaluated. Results There were 820 consecutive elective laparoscopic colon and rectal operations performed over a 5-year period, with adequate follow-up data for 787 cases. Seventy-nine (10%) patients were readmitted. There was no difference in the age, sex, surgeon, or type of operation between the PR and NR groups. The most common causes for readmission were bowel obstruction (19%), ileus (18%), intra-abdominal abscess (14%), and anastomotic leak (9%). Overall mean (median) length of stay (LOS) for the index admission was 3.7 ± 4.3 (3.0) days. Patients in the PR group had a trend toward a longer index admission LOS than the NR group (5.4 ± 8.8 [3.0] versus 3.5 ± 3.3 [3.0], p = 0.068). Univariate analysis demonstrated that patients with inflammatory bowel disease, pulmonary comorbidities, and steroid use were more likely to be readmitted. Multivariate analysis confirmed that inflammatory bowel disease and pulmonary comorbidity are independent risk factors for readmission. Conclusions Early readmission after laparoscopic colon and rectal operations is not associated with early discharge. Identification of specific patient characteristics indicating risk for early readmission may allow for selective changes in perioperative care or discharge criteria to avoid unexpected readmission.
operations. These pathways have generated concerns that early discharge could be associated with higher rates of complications, readmission, and poorer outcomes [1] . In larger series approximately 8%-10% of patients undergoing major intestinal operations require readmission after discharge from the hospital [2, 3] . Unfortunately, many of these studies have been unable to identify significant patient or other related factors that might predict which of the patients would be readmitted [3, 4] .
Numerous large randomized controlled trials and metaanalyses involving these procedures have determined that laparoscopic colon and rectal operations can reduce hospital LOS when compared to traditional open methods [5] [6] [7] [8] [9] . There is also some evidence that direct costs may even be lower as a result [10] . However, predictors of outcome and readmission following laparoscopic colon and rectal operations have not been evaluated.
The aim of the present study was to determine the readmission rates, predictors of readmission, and outcomes for patients undergoing laparoscopic colon and rectal operations. Identification of specific patient characteristics indicating risk for early readmission may allow for selective changes in perioperative care or discharge criteria to avoid this morbid and costly event.
Materials and methods
Permission for this study was obtained from the institutional review board of the Cleveland Clinic Foundation. Patients that underwent an elective laparoscopic colon and rectal operation on the colorectal surgery service at this institution between March of 1999 and February of 2004 were identified from a prospectively maintained laparoscopic database. A retrospective review of these data was then performed. Patients readmitted within 30 days of discharge were identified from the database, their charts were reviewed, and the data were analyzed. Because this department has a wide referral area, outpatient records and discharge summaries held on prospectively entered computerized software (Lastword 4-TD04084, IDX Systems Corporation, Pharmis, Inc.) were manually searched for all patients to rule out the possibility of readmission to another hospital after discharge.
A standard perioperative protocol was employed. All patients received a single dose of prophylactic perioperative antibiotics unless the procedure lasted longer than 4 h, in which case the dose was repeated. Nasogastric decompression was not utilized. Foley catheters were removed on postoperative day (POD) 1. On the evening after surgery clear liquids were started and the diet was advanced as tolerated. Data for the index admission included demographic characteristics, ASA (American Society of Anesthesiologists) classification of perioperative risk, diagnosis, comorbidities (steroid use within the last 6 months, obesity, diabetes, cardiac, pulmonary, inflammatory bowel disease, renal, neurologic, hypercoagulable state), procedure performed, conversion to open operation rates, hospital LOS, postoperative complications, and any subsequent procedures or operations performed. Hemoglobin and white blood cell count at the time of discharge were recorded. Initial hospital discharge occurred at the discretion of the attending surgeon. Patients were allowed to be discharged once they were tolerating a diet, but the passage of flatus and/or stool was not a prerequisite for discharge. Data for the subsequent admission were obtained by reviewing records for patients admitted to this hospital and by telephone interview or mailed questionnaire for those readmitted at outside institutions.
Readmission diagnosis, intervention, and complications were recorded. Readmitted (PR) and nonreadmitted (NR) patients were then compared for differences in comorbidities, procedure performed, conversion rates, complications, mortality, and any factors at discharge to determine whether any factor was predictive of readmission.
Results are displayed as the mean ± SD. Chi-square and Fisher's exact tests were used to detect differences between groups. Statistical analysis was conducted with SPSS 11.0 (Chicago, IL). A p value of \ 0.05 was accepted as statistically significant.
Results
A total of 820 patients underwent laparoscopic colon and rectal operations between March 1999 and February of 2004. Two surgeons at a single institution performed these procedures. Both of the surgeons had performed at least 50 laparoscopic colon and rectal procedures prior to the initiation of the study. Data were available for 787 patients, and 79 of these 787 (10.0%) were readmitted within 30 days of discharge from the index admission. There was no difference in readmission rates between the beginning and end of the study. The conversion from laparoscopic to open operation occurred in 10.4% of the operations. Seventy-nine percent of these patients had colorectal resections. The most common indications for operation were diverticulitis, Crohn's disease, and colon cancer. The entire list is included in Table 1 . The most common operations were segmental colectomy, terminal ileal/ileocecal resection, and prolapse repair. The other procedures are listed in Table 2 . Eight patients presented with intra-abdominal abscesses at the time of the initial procedure. Six of these patients had diverticulitis and two had Crohn's disease. A total of 23 patients had a second operation, 15 (19%) in the PR and 8 (1%) in the NR groups. There were three deaths in the study group. One patient died during the index admission. This was a 29-year-old woman who underwent a laparoscopic total abdominal colectomy with ileorectal anastomosis for slow-transit constipation. On the morning of POD 2 she had a sudden cardiac arrest from an unknown cause. The other two deaths occurred after discharge from the index admission. The first was a 70-year-old man who had an uncomplicated 3-day hospital admission after a laparoscopic left hemicolectomy for a villous adenoma. He died at an outside hospital from a pulmonary embolism despite prophylactic administration of subcutaneous heparin and compression boots. The last death involved an 83-year-old man who had a laparoscopic right hemicolectomy for a villous adenoma. He died as a result of complications that developed from intestinal necrosis.
The indications for readmission are depicted in Table 3 . Bowel obstruction and ileus were grouped together given the occasional difficulty of differentiating between the two. For the purposes of this study, ileus was defined as the lack of bowel function (flatus or bowel movement) in the absence of any demonstratable obstruction. Bowel obstruction was defined by the same lack of intestinal function but with a demonstratable cause of obstruction. This was the most common reason for readmission, accounting for more than one-third (36.7%) of the readmissions. Intra-abdominal abscess and anastomotic leaks resulted in readmission in 9 (11.4%) and 7 (8.8%) patients, respectively. A total of 13 patients needed a second corrective laparotomy. Three of these were during the index admission and 10 occurred during the readmission. The diagnosis for these procedures was anastomotic leak (7), abscess (2), small bowel obstruction (2), ischemic pouch (1), and enterotomy (1).
To determine whether any factors during the initial admission predicted readmission, demographics for PR and NR were calculated and compared. The results are given in Table 4 . The PR and NR groups were similar with respect to age, gender, body mass index (BMI), American Society of Anesthesiologists (ASA) classification, or percentage undergoing intestinal resection, as opposed to those undergoing laparoscopic colon and rectal operations not requiring resection. Additionally, diagnosis, surgeon, and operations performed did not differ between the two groups. The percentages of patients in the PR and NR groups with the more common comorbidities are shown in Table 5 3 .564, p = 0.012) were predictors of unplanned hospital readmission. Perioperative steroids were taken by 106 patients. Many of these patients had inflammatory bowel disease. Of the 106 patients, 64 had Crohn's disease and 3 had ulcerative colitis. Additionally, conversion from laparoscopic to open operation predicted hospital readmission. Multivariate analysis confirmed that pulmonary comorbidity (p = 0.009) and inflammatory bowel disease (p = 0.0001) were independent risk factors for unplanned hospital readmission within 30 days of discharge. Patients in the PR group were more likely to suffer an ileus/bowel obstruction, urinary tract infections, and anastomotic leak.
There were no differences in the LOS at index hospital admission, nor in the white blood cell count (WBC) and hemoglobin level prior to discharge between the two groups (Table 6 ). There was a trend toward a longer length of stay in the PR group, indicating that early discharge from the hospital was not associated with hospital readmission. Neither WBC nor hemoglobin level predicted readmission.
Discussion
Laparoscopy has transformed the field of surgery. It has quickly migrated from procedures such as the laparoscopic cholecystectomy to more complex intra-abdominal operations, including those of the colon and rectum [11] . The laparoscopic approach to surgical diseases of the colon and rectum has been shown to have many benefits to its patient population. Numerous randomized controlled trials have demonstrated reduced pain medication requirements, shorter hospital LOS, a faster return to normal activities, and reduced postoperative morbidity as a result of laparoscopy [5, 6, 8, 12, 13] . Ultimately, laparoscopic colon and rectal surgery may reduce direct and total hospital costs at more experienced centers [10, 14] . However, early discharge from the hospital after laparoscopic colon and rectal operations has generated concern that patients may develop complications while at home that may result in increased rates of unplanned readmissions [1] . These complications and readmissions could have a significant impact on the patient's morbidity and mortality, in addition to increasing costs as a result of a second hospital admission. These concerns may be unfounded, but data in this area are lacking. The purpose of the present study was to determine the readmission rates, predictors of readmission, and outcomes for patients undergoing laparoscopic colon and rectal operations.
The 30-day unplanned readmission rate for the 787 patients of this study was 10.0%. This number is consistent with other larger series of patients undergoing laparoscopic and open colon and rectal procedures [2] [3] [4] [5] 15] . Although not statistically significant, there was a trend toward a reduced LOS in the NR group. Importantly, this suggests that early discharge from the hospital does not put the patient at risk for preventable complications that lead to increased rates of morbidity, mortality, and a subsequent readmission to the hospital. It is not clear from this study why LOS is longer in the readmitted group. It is likely the result of a combination of factors related to comorbidities, complications, and patients that do not recover quickly. These findings are supported by another study examining a large number of patients undergoing transabdominal colon and rectal operations [16] . This study evaluated 1,218 consecutive patients undergoing transabdominal colorectal procedures at a single institution. This was a 7-year study demonstrating a significant reduction in LOS from an average of 12.9 days in year number one to 9.8 days in year number seven. Similar to the current study the reduction in hospital LOS had no negative impact on readmission rates. Specifically, there were no annual differences in the morbidity, mortality, or readmission rates. The most common reason for readmission in this and other larger series of patients following intestinal operations was bowel obstruction/ileus [3, 4, 17] . The economic impact of postoperative ileus on both hospital LOS and readmission rate has generated significant interest. Novel methods of preventing this complication have been applied and have demonstrated success [18] . Three randomized controlled trials involving primarily bowel resection patients were designed to evaluate the effectiveness of alvimopan, an oral, peripherally acting l-opioid receptor antagonist, and results have been published [2, 19, 20] . Only one study addressed readmission rates [2] . In that study, readmission within 10 days of discharge was reduced from 8% (placebo group) to 4% (alvimopan group). Readmission rates beyond this time point have yet to be evaluated but would be significant.
While some studies involving patients undergoing conventional open colon and rectal operations have failed to identify any risk factor associated with readmission, the present study has identified other factors that put the patient at risk for readmission [3, 4] . Univariate analysis indicates that patients with a history of pulmonary disease, inflammatory bowel disease, perioperative steroid use, and conversion to open operation are more likely to be readmitted. Multivariate analysis confirms that pulmonary comorbidity and inflammatory bowel disease are independent risk factors for readmission. These findings suggest that inherent patient characteristics are the most important factors in predicting the patients that may be readmitted. Kariv et al. agree. In their study of 1,180 patients undergoing both open and laparoscopic intestinal operations there were 150 patients (laparoscopy was initially attempted in 25) readmitted within 30 days of discharge [17] . Univariate and multivariate analysis demonstrated that patient characteristics including poor functional status, chronic obstructive pulmonary disease, steroid administration, and the use of anticoagulants before the initial admission were associated with readmission. Along these lines, a recent single-institution case study performed at the University of Kentucky demonstrated that preoperative patient risk factors were the most predictive of direct hospital costs [21] . However, not all agree. Azimuddin et al. studied 249 patients undergoing transabdominal or perineal colon and rectal operations and could not predict an increased likelihood of readmission within 90 days of discharge based on patient characteristics [4] . Kiran et al. have stated that unplanned early readmission after major intestinal operation may be an unpredictable phenomenon [3] .
Interestingly, the present study and that by Kariv et al. demonstrate that pulmonary comorbidity and inflammatory bowel disease predict readmission [17] . It is important to note that although patients with pulmonary comorbidity were more likely to be readmitted, those in the present study were not readmitted as a result of specific pulmonary complications, and very few (3) patients of Kariv et al. were readmitted for such complications. Instead, the presence of these comorbidities is likely a marker for the poorer general health status of the patient.
Unfortunately, many of these patient characteristics cannot be altered. When counseling patients with these disease processes, and their families, the increased risks of readmission should be discussed.
Conclusions
Readmission within 30 days after laparoscopic colon and rectal operations is not associated with early discharge. Identification of specific patient characteristics indicating risk for early readmission may allow for selective changes in perioperative care or discharge criteria to avoid unexpected readmission.
